OBJECTIVE: To test association between overweight, central obesity and stature. DESIGN: Cross-sectional study carried-out between 1990 ± 1991. SUBJECTS: 951 adults (387 male and 564 female) aged 20 ± 64 y, resident in the metropolitan area of Sa Ä o Paulo, Brazil. MEASUREMENTS: Anthropometry, blood lipid concentrations (total, high density lipoprotein (HDL) and low density lipoprotein (LDL)-cholesterol, triglycerides (TGs) and blood glucose. Body mass index (BMI), waist-to-hip ratio (WHR) and waist circumference were used to identify overweight (BMI b 25 kgam 2 ), obdominal obesity (WHR tertile 3 and waist circumference tertile 3), respectively. The subjects were categorised as those of short stature (women`150 cm, men`162 cm) and those of normal stature (women !150 cm, men !162 cm). RESULTS: Prevalence of short stature was 19.6% and 15.4% in men and women, respectively. Short stature women had higher serum concentrations of total cholesterol, LDL-cholesterol, TGs and glucose than those of normal stature. Among men, this difference was not observed, except for glucose concentrations. Short stature women had high BMI and WHR means in some age categories, compared with those of normal stature. Both overweight and high WHR frequencies were greater in short stature women than in those of normal ones. In multivariate analysis, adjusted by age, income, marital status, education, physical activity and tobacco use, only women group with short stature compared with normal stature had signi®cantly risk of overweight an high WHR. In the same group there was no association with waist circumference. Among the men there was signi®cant opposite association with waist circumference. CONCLUSION: Short stature in women can potentially be an independent risk factor for overweight and high WHR.
Introduction
The high prevalence of chronic diseases concomitantly with infectious diseases and undernutrition, as a consequence of the accelerated modernisation of developing countries, has been observed in several epidemiological studies. 1 In Brazil, overweight has emerged as a public health problem, 2 but undernutrition continues to be prevalent in infants. 3 This phenomenon has been attributed to the variety of living conditions in developing countries. 4 Evidence exists that social, demographic, economic and sanitary conditions are more decisive than genetic factors for growth patterns during childhood. 5 Thus, low height for age children (stunting) is an indicator of past undernutrition. Possibly as a consequence of this adaptation, we face the problem of overweight in individuals who suffered malnutrition in the past. A recent review has focused on the prenatal period, the period of adiposity rebound and adolescence that appear to represent critical periods for the development of obesity that persists into adulthood. 6 Two observational studies, carried-out in developing countries, where dietary intake restriction during childhood might be expected, show evidence that stunting may increase the risk of obesity in older children and adolescents. 7, 8 Therefore, the study of overweight in developing countries should take into consideration that short stature could be a risk factor for overweight in adults. In this study, we examine the relationships between stature, overweight, and central obesity by using data gathered during a cross-sectional population-based survey in the metropolitan area of Sa Äo Paulo, Brazil.
Material and methods
The data were collected during 1990 and 1991 from a cross-sectional study of the prevalence of atherosclerothic cardiovascular diseases, lipid disorders, hypertension, obesity and diabetes mellitus in a population of the metropolitan area of Sa Äo Paulo, Brazil. The objective was to obtain a basic orientation for the study of these conditions and their respective risk factors. The survey was administered to a representative sample from Cotia county, situated in the west side of the metropolitan area of Sa Äo Paulo (33 kilometers from downtown).
The study project was approved by School of Public Health of University of Sa Äo Paulo and Nutrition Department. All the subjects attended the study objectives and gave informed consent.
Details of the methodology applied in this study have been described in a previous publication. 9 The sample error considered was AE 5% with 95% con®dence interval (95% CI). A total of 1328 individuals were examined, aged between 20 ± 88 y (554 male and 774 female). Height is not reliable in older individuals, because vertebral collapse causes reduction in height, therefore analysis was restricted to individuals between 20 ± 64 y and the ®nal sample was 951 adults (387 men and 564 women).
Information was obtained by direct interviews about sociodemographic characteristics including age, gender, household income, education level and life-style habits (physical activity and tobacco use). The family income was categorized in terms of minimum wages (at that time 100 US$). Physical activity was estimated from the daily activities reported by the individuals, and classi®ed in three categories: light, moderate and intense. 10 The smoking habits were classi®ed as current cigarette smokers or nonsmokers (never smokers or ex-smokers). The anthropometric measurements were carried out at the health center using standardized techniques. Height was measured to the nearest cm with the subject in upright position without shoes. Weight was recorded, in light clothing, to the nearest 0.1 kg on a calibrated balance. Body mass index (BMI kgam 2 ) and waist-to-hip (WHR) were used as indices of overall and abdominal adiposity, respectively. Waist circumference was measured to the nearest 1 mm at the level midway between the lower rib margin and the iliac crest, and hip circumference was measured to the nearest 1 mm at the widest point between hip and buttock.
The variable stature was de®ned, based on the value below the 5th percentile (women: 150 cm; men: 162 cm) of the height distribution of an American population National Center for Health Statistics (NCHS). 11 Blood samples were collected after a minimum of 12 h fasting. Total cholesterol (TC) and triglycerides (TG) were determined by means of an enzymatic colorimetric method using commercial kits (Labtest Systems for Diagnosis). High-density lipoprotein-cholesterol (HDL-C) was measured in the plasma after precipitation of the low-density lipoprotein-cholesterol (LDL-C) and blood glucose was analysed using an enzymatic method. LDL-C was calculated according to the Friedewald equation:
All data were allocated in Dbase III plus. Descriptive statistics and logistic regression analyses were performed using Epi Info and MULTLR statistical software. 12 Means, standard deviations (s.d.), frequencies and percentile distribution, according to the variables, were continuous and categorical were calculated. Statistical analysis were undertaken using t-Student and chi-square tests. Multiple logistic regression analysis was used to assess the association between overweight, WHR or waist circumference as a dependent variables. The independent variables considered for the models included stature, age, physical activity (range 1 ± 3), smoking habits (range 0 ± 1), household income (range 0 ± 4), educational level (range 0 ± 6), civil status (range 1 ± 4). Statistical signi®cance was tested by maximum likelihood ratios. For all models were calculated the odds ratio (OR) and 95% CI.
Results
Of the subjects, 76 (19.6%) men and 87 (15.4%) women were classi®ed as having short stature. Means and s.d. for blood lipids are shown in Table  1 . There were no statistically signi®cant differences in Comparison between stature groups within sexes *P`0.04; **P`0.01; ***P`0.008 LDL-C low density lipoprotein-cholesterol; HDL-C high density lipoprotein-cholesterol.
Stature, overweight and central obesity in Sa Äo Paulo G Vela Âsquez-Mele Ândez et al blood lipid concentrations among normal and short stature men, but short men had higher glucose concentrations than normal men (P`0.008). However, among women, those with short stature presented higher concentrations of TC (P 0.008), LDL-C (P 0.01) and TGs (P 0.04). HDL-C concentrations were similar in both groups. Figure 1 and Figure 2 show BMI and WHR means by age and stature. Short stature women had higher BMI means in the 30 ± 39 y age group (P 0.001) and 40 ± 49 y age group (P 0.0053) and higher WHR ratios in the 20 ± 29 y age group (P 0.02) and 30 ± 39 y age group (P 0.003) as compared to age categories of normal stature groups. These differences were not observed among men in any of the age groups. These results show that short stature women have higher overall and centralized obesity indices than those of normal stature, mainly in the 30 ± 50 y age range. Table 2 shows the classi®cation of subjects according to BMI categories, WHR and Waist circumference tertile distribution by gender and by stature. The overweight frequency (P 0.006) and central obesity (P 0.001) frequencies were signi®-cantly higher in short stature women than among the normal group. These differences were not observed among men.
Multivariable unconditional logistic regression was used to test associations among dependent variables (overweight, WHR and waist circumference) and the independent variable (stature), controlling for confounding effect. 
Discussion
Although cross-sectional studies cannot be used to establish causal relationships, they are widely used in epidemiological research, with the objective to establish associations. The data showed that BMI and WHR means were statistically signi®cantly higher in short stature women in only two of the studied age categories and an inverse signi®cant association of stature with both overweight and central obesity as measured by BMI and WHR, respectively, was Figure 1 Means of body mass index (BMI) by age group and body size, Cotia, Sa Ä o Paulo, *P`0.001, **P 0.005.
Stature, overweight and central obesity in Sa Äo Paulo G Vela Âsquez-Mele Ândez et al observed. These associations persisted after adjusting for level of physical activity, household income, marital status, level of education and smoking. However, these differences were not found among men. Age was a stronger predictor of both overweight and central obesity in both sexes.
Our results are consistent with other studies. A cross-sectional study in a population of children and adolescents in Sa Äo Paulo City showed that obese youngsters were more frequently diagnosed as being low heightaage. 7 A cross-national study 8 has shown that stunted children from Brazil, Russia, China and South Africa, had 1.7, 7.8, 3.5 and 2.6 times greater risk of overweight, respectively, as compared with normal children. In a small sample of Colombian women, 13 with an average height of 153 cm, it was found that the subcutaneous fat and the percentage of body fat were higher than in normal stature American women, but no difference was found in BMI and WHR indices. In other studies of adult Egyptians 14 and Americans, 15 no correlations between BMI and stature were observed. Chi-square test: male: non signi®cant associations; female: stature vs BMI (P 0.006); stature vs WHR tertiles (P 0.001); stature vs waist circumference (P 0.05).
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Longitudinal studies on this issue are extremely limited. Recently, a 22 month cohort study was conducted among student girls in Sa Äo Paulo, Brazil. 16 The authors suggested that a diet with a higher percentage of fat may increase the risk of weight gain in stunted girls. Also, this study showed signi®cant correlations between the height for age index and WHR. Many cohort studies have also shown that a combination of overeating and a higher fat intake are important predictors of obesity in both sexes, particularly among women independent of stature. 17, 18 On the other hand, evidence from population studies showed that serum lipids concentrations are correlated with the proportion of dietary calories derived from fat and saturated fat. 19, 20 We demonstrated that short stature women have higher lipid concentrations compared with normal height women. This could be an indicator of higher fat intake. Among men this difference was not observed. Some studies 21, 22 indicate causal links between intrauterine and child growth and non-insulin dependent diabetes mellitus (NIDDM), cardiovascular disease (CVD) and possible obesity in later life. Several etiological factors and mechanisms were proposed to explain these associations: a poor quality diet with a de®ciency in some amino acids and other nutrients, which would alter physiological functions related to lipid and glucose metabolism. 23 Also, neuroendocrine or hypothalamic alterations can be produced by malnutrition during the pre-natal or childhood period. 8 Our results are based on cross-sectional data and cannot, therefore, provide any evidence for a temporal relationship. However, we consider a possibility that short stature in Brazilian population groups can be a consequence of de®cient nutritional and health status during childhood. National surveys undertaken in Brazil in the mid-1970s and late 1980s showed positive secular trends in physical growth since the 1950s, attributed to improvements in public services and population income. 24 On the other hand, in the National Nutrition Survey 25 carried out in Brazil in 1989, obesity and overweight have emerged as a public health problem. Furthermore, the low income population groups showed a higher prevalence of overweight and obesity, mainly in low-income women. The demographic and economic transition that many developing countries are undergoing, contributes to changes in lifestyle and diet. The population showed changes in food patterns, such as a shift towards an energy-dense diet, high in saturated fat and re®ned carbohydrates and a low consumption of complex carbohydrates and ®bres. 26, 27 Assuming that short stature in adults was a consequence of poor living conditions during early life, women with short stature could be more susceptible to a high intake of fat and overeating, and as a consequence, at risk of developing overweight and abdominal obesity.
Conclusion
Although we do not know the extent to which short stature in the adult population is determined by Stature, overweight and central obesity in Sa Äo Paulo G Vela Âsquez-Mele Ândez et al de®cits in early life, there is clinical andaor experimental evidence supporting a causal link between fetal and infant growth and chronic diseases. In addition, being stunted has some short-term consequences by increasing infant morbidity and mortality, affecting mental development and later in life reducing physical work capacity.
In conclusion, our ®ndings show that short stature in women could be potentially considered a risk factor for overweight and high WHR Since infant stunting is a prevalent public health problem in developing countries, our ®ndings could be of interest for the long term implications for the prevention of the comorbidities associated with obesity.
